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SECTION .II

SUMMARY

1.0 PRODUCTION, USAGE, AND DISTRIBUTION OF PCBs . '

1.1' Overview of PCBs Industrial Usage in the United States

Over the past four years the domestic production and use of polychlo-

rinated biphenyls (PCBs) have been approximately constant with averages of 40

million pounds per year for production and 33 million pounds per year for domestic

sales. During this period Monsanto'Industrial Chemicals Corp., the'sole domestic

producer, has supplied approxiinately 99 per cent of the domestic market, ttonsanto

sells .several PCB mixtures under the generic trade name Arcclor, and purchase has

been limited- to intended use in nominally closed electrical systems (transformers

and capacitors) since 1971 under voluntary restrictions imposed by ftonsanto.

The remainder of the•domestic usage depends on iinported PCBs, most of

which originate in Italy and the remainder in France. Decachlorobiphenyl is

imported fron Italy for use in investment casting wax, and the material imported

frcm France is used in cooling systems of'mining machinery.

Of the domestic sales of PCBs, 65 to 70 per cent are to manufacturers of

capacitors, and the remainder to manufacturers of transformers. Transformers,

which contain 2,000 to 2,500 pounds of PCBs on the. average (present as a 60' to 70

per cent component of. mixtures with trichlorobenzene called Askarels) are used

. primarily to change voltages during the transmission and distribution of electrical

power. - Approximately five per cent of the transformers in service in this, country
contain PCBs; most transfonrers contain mineral oil instead of PCBs.. Capacitors'

containing PCBs are of two general types; small capacitors which are built into

electrical appliances--such as fluorescent lights, TV sets and small motors, and

large capacitors which are used as separate units in electrical power distribution

systems and with large industrial machinery such as electric motors and welding .

machines. PCBs are used in about 95 per cent of U.S.7prcduced liquid impregnated

capacitors (most small capacitors in radios and other electronic equipment are

solid-state units). -
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FCBs are typically used in transformers where protection- against fire

is of paranDunt importance. Use of PCBs in capacitors is based on a number of

factors, but fire protection and service life appear to be the most important.

Industry cedes, such as the National Electrical Code, specify the use of PC3-

filled transformers and capacitors under a number of conditions. These cedes

will serve as institutional barriers to rapid reductions in PCBs usage, but at

present there are also technical barriers to substitution of other materials for'--1-

PCBs. in electrical equipment. '5

The above overview of current PCBs usage in the U.S. ,is summarized by

Figure 1.0-1, which traces domestic PCBs production and importation through first

tier usage and distribution of PCBs - containing products.

1.2 Cumulative PCBs Production and Usage in the United States

Estimates developed for total PCBs production and utilization in the •

U.S. since their introduction to industry in 1929-30 are presented in Table 1.2-1-..

These data define the estimated proportions of PCBs used in various applications,

and an accounting, based on available data plus estimates,.of the current distri-

bution of this material. Of the roughly 1:25 billion pounds purchased'by U.S.

industry,' it is estimated that only 55 million pounds, or 4.4 per cent, have been,

destroyed by incineration or by degradation in the environment. About 60 per cent

of the total domestic sales is still in service, almost all in capacitors and

transformers. The remainder, about 44 million pounds, are in. the environment; it.,

is estimated that'290 million pounds are in landfills.or dumps and 150 million

pounds are "free" in the general environment (air, water, soil; sediments) and

presumably available to the biota. '

Some of the values in'Table 1.2-1 are relatively well-established, while

others are gross estimates resulting f ran a lack of data:.: in the • area-. The esti- .

mated reliability for each value presented is shown on the table. For instance, '{

the PCBs usage in carbonless copy paper is a firm value obtained from the only

producer (NCR), where as the amount of PCBs environmentally degraded could con-

ceivably range from a lew value to the total of mono-, di-, and trichlorobiphenyl

.utilized but not still in service. The value for U.S. production could not be
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much over 1.45 billion pounds nor less than 1.1 billion pounds, based on analysis

of other available or estimated data; hence, the estimated confidence interval

for this value on Table 1.2-1 of +5 per cent and -20 per cent.

One of the more important conclusions from this work is the estimation

of about two times the amount of PCBs in landfills and dumps as compared to the

amount of PCBs already free in the environment. The material in land disposal .

sites may be considered a threat to become widely dispersed over a long period of

time. The length of time required can only be guessed at, but is probably • short

in comparison to the time required for degradation of the PCBs by natural .pro-

cesses. Thus, release of• the land disposal material through slow vaporization .and

leaching could very well worsen an already severe environmental'problem.

1.3 Current Distribution of PCBs Usage and Associated Wastes '

A material balance for PCBs production, sales, distribution, and wastes

in 1974 is presented in Table 1.3-1. Reliability of the values were estimated as

for the previous table. The amounts estimated to be land disposed, totaling 1.18

million pounds, do not include land disposal of previously used PCBs. However, the

amounts listed under scrap PCBs incinerated account for all PCBs incineration in

the U.S. during 1974 at the recommended temperature-time, conditions (> 2000°F;

> 1.5 seconds residence time). Of the total of 2.'61 million pounds incinerated, • .

the Monsanto facility accounted .for over half. Other companies currently providing

incineration services include General Electric, Rollins Environmental Services,

and Chem-Trol Pollution- Services, but the total number of such facilities known to

be available in the U.S. is six.

1.4 'Land Disposal and Environmental Load

The 1.18 million pounds per year of land-destined' wastes estimated above

is only a small portion of the total PCBs entering landfills and dumps yearly; the

current estimated yearly rate of .PCBs entering land disposal sites is about 12

million pounds. The largest source of this material.is capacitors which have failed

or become obsolete, or which are contained in obsolete equipment. Other important

sources are industrial solid wastes from PCBs production and first-tier .usage, and

the total of other (non-electrical) municipal and industrial solid wastes.



Table 1.3-1

Estimated Production, Usage, and Losses of PCBs in the United States
during 1974 in Millions of Pounds

Domestic Production
Total Inserts

itonsanto Demotic Sales
Dq»rts
Import Sales
Fran Mfg. Inventory, etc.

PQ3s Usage by Product
. Category

Capacitors
Transformers
Investment Casting Wax
Other

' PCBs Disposal to Land
(assume PCBs to be 30\ of

total solid wastes)
Fron PCSs rranufacture
Fran caoecitor industry
Fran trans fcrrcr industry
Fran investment casting

Incineration of Scrap PCBs
From PCBs manufacture
Fran capacitor industry
Fran transformer industry

Industrial Discharges to
Water and Set*rs (as PCBs)

Fran PCBs manufacture
Frcn capacitor industry
Fran transformer industry

Spills during Transport

Totals

Production
or Imports

40.466'
0.45

1

40.916-

Canrercial
Sales

34.40G'
5.395*
0.45
0.665"

- 40.916 - .

Industrial
PurcJiases

by Category

22.0
12.0
0.4
0.05

.3S..45

Amount Disposed
or Lost

0.03
0.48

. 0 .27
0.4

0.52
1.45
0.64 •• '

0.0011"
0.0021"
0.0001"

0.01

3.80 .

Estiratud
Reliability
of Values

! 10%

t 50*

t 101
± 10»
: 50»
: .101

± 20*
i 20t

• ; 20t
• 70*

5 501
'i 50»
± 50*
t 301

i 151
1 20»
i 20%

t 401
t 60»
t 60%

1 50*

• Fran

•• Developol fron data supplied by industry. Most analyses for PCBs concentrations in ijidusLrial
wastcvatars are probably not more accurate than ^ 50 per cent.
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The total eur-rent -environmental. load .of _!!Fr.ee." .PCBs _was .estimated _to

be about 150 million pounds. An analysis of environment load (Free PCBs) average

chlorine contesnt per molecule indicated that, if mono-, di-, and trichloro isomers

were disregarded, the average chlorine content of Free PCBs would he within seven

per cent of the value for Aroclor 1254.

1.5 Foreign Production of PCBs

Known current producers of PCBs besides the United States include the

United Kingdom, Czechoslovakia, France, Germany, Spain, and the li.S.S.R. Japan

was a producer until 1972. In 1973, total foreign production of PCBs is estimated

at 43 million pounds,'corresponding to a 50. per cent reduction since 1971. .On

this basis,.the U.S. production appears to be about half of the world total.

Usage of PCBs in all countries is expected to decrease further as a result of re-

cent findings on adverse environmental effects and potential human health hazards

from PCBs, and this usage is expected to be essentially confined to use in capac-

itors and transformers.

2.0 CHARACTERIZATION OF INDUSTRY PRACTICE AND WASTE HANDLING FOR THE PCBs
PRODUCER AND MAJOR FIRST-TIER USERS

2.1 Manufacture of PCBs and PCB-Containing Capacitors and Transformers

PCBs are produced domestically only by Monsanto at Sauget, Illinois.

The process involves the batch chlorination of biphenyl and subsequent separation

and purification of the desired chlorinated biphenyl fractions. The degree of

chlorination is determined by the contact time in the reactor. Depending on the

distance and size of shipment, transport is via tank car, tank truck, or'ccrmon

carrier (drums) .

There are 17 capacitor plants and 18 transformer plants utilizing PCBs

in the United States. Manufacture of both types of units involves initial pre-

paration of internal and external.'cases, filling with PCBs under vacuum, cleaning

and degreasing, and performance testing. The greatest PCS wastes occur in the

filling operations. Filling of small capacitors (less than 2 pounds of PCBs) and

most large capacitors is performed in chambers holding many small capacitors or

fewer large ones. The chamber and the capacitors are evacuated and then flood-

filled with the PCB liquid. Excess liquid is removed from the chamber, the filled

-10-



units are cleaned and sealed, and than the sealed units are degreased, painted,

and tested. Transformers and the.largest types of capacitors are filled individ-

ually after evacuation; this produces relatively less chance of PCBs loss than

the flood-filling process.

Of the 38 plants in the above categories, 10 discharge their effluents .-

into the water ways while the remainder discharge into the sewage treatment plants.

All plants in these categories have discharges under heavy rainfall conditions.

There are three types of waste materials generated at these plants that require

treatment and proper handling in order to minimize the PC3 into the environment.

These are:

(a) Waste waters containing trace quantities of PCBs

(10 to 500 ppb PCBs) ; -i

(b) Waste PCBs, scrap oils and small quantities of process ,.,

water highly contaminated with PCBs;•and

(c) Burnable and non-burnable solid materials contaminated

with PCBs.

Quantitative estimates of these wastes are given below:

Waste Loads,.'Daily Average

PCB Discharge
in Waterways
or Sewers

3. 06 Ibs

5. -86- Ibs •• •

• 0.17 Ibs '

' Land-Destined
PCB
Wastes

301 Ibs

4440 Ibs

Unknown

Scrap Oils :

to
Incineration .

1425 Ibs

3968 -Ibs .

1750 Ibs

PCB Manufacturer

Capacitor Industries

Transformer Industries

The above waste loads represent current industrial practice. It may be

assumed that, prior to knowledge of the adverse environmental..effects of PCBs,

much of the types of material currently landfilled or incinerated was not disposed

of properly and thus entered the environment directly.

As yet, very little is being done at these plants to control air emissions.

The general industry assumption is that the vapor pressure of PCBs is so low that

•there will be essentially no air contamination. A few facilities, however, were

•reported to be filtering and chilling exhaust air from PCBs impregnation areas,

-11-



and plant personnel are beginning to realize .that evaporation _of _PCBs _may make-

a significant contribution to general contamination of the plant area.

Since most water used at these facilities is for non-contact' cooling

purposes/ at most plants it is possible to significantly reduce the effluent

volume by segregation of wastewaters, recycling and proper housekeeping measures.

Most user plants and' the PCB producing plants have already undertaken PCBs contain-
/

ment programs.in order to minimize the entry of PCBs into the environment. While

the emissions of PCBs to water are expected to decrease due to improved pollution

abatement of waterborne wastes, the release of PCBs to air and land may increase.

One potential source of increasing ao_r emissions is the increase in incineration

due to proper handling of wastes which were previously discharged into the water-

ways or sewers. The quantities of land-destined wastes are expected to increase

due to improved housekeeping measures.

Rivers receiving PCBs discharges for a number of years vary greatly in

PCBs content with time, apparently depending upon PCB content in storm water run-

off and the degree to which contaminated, bottom sediments are agitated and sus-

pended. Mhereever there have been PCB operations in the past, there are probably

high concentrations in local waterways bottom sediments. .

Over the past 45 years,"waste PCBs from transformer and capacitor opera-

tions have been used as local road oiling compounds. Sometimes they were discarded

in dumps adjacent to manufacturing facilities. These are sources of long term

leaching of PCBs into waterways, particularly with storm water runoff.

2.2 Treatment and Disposal of Industrial -Wastes Containing PCEs

A study was performed to determine and compare the methods available for

the treatment of PCB-containing wastes from the PCBs production, capacitor manu-

facturing, and transformer manufacturing industry' categories. A full treatment

of this technology, including cost estimates for treatment, may be found in the

Task II Report under Contract 68-01-3259.. Much of the technical portion of this

work is reoroduced herein and summarized below.

-12-



2.2.1 Incineration

The most advanced treatment technology in use is incineration.

The PCBs manufacturer and one user have plant scale facilities capable of destroy-

ing FCBs with very high efficiency. There are at least two conmercial services

available, with four incinerator locations in the Eastern and Southern U.S., for

PCBs incineration.

Incineration is primarily applicable to waste PCBs and scrap . .>;:?

oils contaminated with PCBs. Incinerators for PCBs destruction have the capacity-

of "burning" sortie contaminated wastewater but, of course, the proportion of that:

water to the exothermic oil burning must be kept low. Only one oonrnercial incin—:-

eration service (Rollins) can routinely handle all kinds of.PCBs contaminated

transformer and capacitor components, sludges, fuller's earth and other solids,

as long as they can be contained in a 47 gallon fiber drum. One PCB user conpany

incinerates transformer internals for purposes of metal recovery.

Waste liquid PCBs and scrap oils (contaminated PCBs) are best

handled, as a guideline, by high temperature (2000-24QO°F) and long residence time
{2-3 seconds) incineration. However, because of incinerator design variables,

the conditions should be chosen in each case to lead to 99.999% destruction. The

best incinerator combination'for handling wastes from these industries is a rotary

burner fired by a liquid burner, and followed by an afterburner and scrubber system

for HC1 and particulate control. The rotary burner can be designed to handle a

variety of solid materials, and the liquid burner can handle both the oily and

water type wastes.

2.2.2 Treatment of PCB-Contaminated Wastewater

There is no cortrnercial scale wastewater treatment for PCBs removal

being practiced beyond those of gravity settling of the heavy-PCBs layers as a

sludge from the bottom of sumps or tanks, and skinming of a contaminated oil-layer

from the water surfaces.

Adequate methodology is available for those plants wishing to con-

trol the release of PCBs to the environment. Currently available technologies can

-13-



be applied to the efficient removal of PCBs'frori wastes, or their destruction . "

with the other wastes. The PCBs content of wastewaters can be lowered to the 1

ppb level or below by removal of solids (and oil layers, where applicable),

followed by adsorption of PCBs onto carbon, macroreticular polymer resins or

possibly other adsorbents.

Carbon adsorption is currently the best available technology for

plant scale treatment of PCBs wastewaters. This conclusion is based on laboratory

'tests with PCBs in water, and on the long background of plant scale use of carbon

•adsorption for removal of organics from water.

Polymeric resijns (AMBERLITES) were found in laboratory tests to be
approximately as effective as carbon in removing PCBs from'water. Further pilot

scale testing is needed with this newer (than carbon) technology to accurately

assess its potential. • '

. Ultraviolet catalyzed ozonation.was determined to be the best

method, demonstrated on a laboratory scale, for destruction of PCBs in wastewaters

when the streams occur in large volume, on a relatively continuous flow 'oasis and

with PCBs at the ppb concentration levels. This technology has the potential for

conversion of PCBs to CO_, HO and HCl. However, significant development and

optimization work would be required before application of the process becomes

practical. In addition, the potential exists for production of toxic degradation

products by UV-ozonation.

Although still in the laboratory stage, catalytic reduction of

PCBs offers the possibility of reduction to biphenyl and HCl; and catalytic '
oxidation is another process which offers a potential for 'destruction of PCBs to

CCy H20 and HCl.

It is believed that wastewater treatment systems anploying acti- '

vated carbon and possibly UV-ozonation could produce effluents which would be at

or below the limits of detectability for PCBs with current analytical techniques.

However, since no full scale systems for the treatment of PCBs are in operation at

this time, this possibility cannot be confirmed.



SECTION V

INDUSTRIAL CHARACTERIZATIONS

1.0 INTRODUCTION

This section discusses polychlorinated biphenyls (PCBs) 'production and

each PCBs user (capacitor, transformer, investment casting, paper recycling

and miscellaneous) manufacturing process. Whan known,-for each operation

the following information is given:

Name and the location of companies in each category;

. . A description of the processes at the facilities studied

and pertinent flow diagrams, where appropriate;

Raw waste load data per ton of PCB used and sources of

these wastes;

. Watar usage data in terms of gallons per day;

. Treatment and housekeeping measures practiced at the

facilities and on-going PCB containment programs;

. Plant waste effluents found and their composition.

2.0 MANUFACTURING PROCESS - PQLYCHLORINATED BIPHENYLS (PCBs)

2.1 Process Description

Monsanto, the sole domestic manufacturer of PCBs, manufactures
this chemical in their Sauget, Illinois plant. The basic raw material is

biphenyl which is manufactured from pure benzene in another Monsanto plant.

The PCB manufacturing operation is conducted in two steps. First, biphenyl

is chlorinated with anhydrous chlorine in the presence of ferric chloride to

produce crude PCBs and then the crude PCBs are distilled to obtain the finished

product. A schematic flow diagram of this process is given in Figure 2.1-1A

and B.
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The reaction section consists of 6 reactors (3 batch and 3 cascade).

Currently, Msnsanto manufactures four different types of Aroclors (1242, 1016,

1254 and 1221). For the manufacture of any given product, the chlorinator is

charged with proper quantities of biphenyl and catalyst and heated above the

mslting point of biphenyl. The flow of vaporized chlorine is then started and

the charge is circulated with a pump. Throughout the chlorination, the tempera-

...ture is kept above the melting point of the mixture, but below 150°C to avoid

_: excessive sublimation and plugging of the line discharging the hydrogen chlorine

..produced by the chlorination. The reaction pressure is maintained near atmos-

pheric. The degree of chlorination is principally determined by the time of

contact with anhydrous chlorine. The contact time varies from 12 to 36 hours

for the manufacture of different Aroclor'types. The degree.of chlorination

is measured by the specific gravity of the mixture or the ball and ring soften-

ing'point when the product is viscous.

The vapors from the chlorinator (HC1 containing PCBs) are scrubbed

with liquid Aroclor and the gaseous HC1 is sent to another plant at the Sauget

complex for purification. The crude product is held at an elevated temperature

and blown with, dry air for several hours, after which it is sent to the raw

Aroclor storage tank where a few tenths of 1 percent of alkali are stirred with

the material to react with any remaining hydrogen chloride or ferric chloride.

The air from the blower tank is scrubbed with water and vented to the atmosphere

through a demister.

The raw Aroclor is subsequently batch distilled under reduced pres-

sure to remove the color, and the traces of hydrogen chloride and ferric chloride.
The methods of purification are different for the different types of end pro-

ducts. Raw Aroclor 1254, 1242. and 1221, each are distilled in stills under re-

duced pressure, achieved via steam jet ejectors; the ocndensate from the still

is the finished product while the bottoms are the Montars which are drumned and

sent to incineration.

The distillation section for the 1016 product consists of a gas fired

retort and a vacuum distillation tower.' The latter is used to allow the separa-

tion of the higher chlorinated, less biodegradable compounds from the relatively
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lower chlorinated and more biodegradable ones. The raw Aroclor (42% chlori-

nated material) is fed into the reboiler. The vacuum in the tower is maintained

at about 100 mm Hg by-steam jet ejectors. The steam is partially condensed.and
the condensate is discharged into the plant discharge sump. The first cut from

this tower is recycled back to the retort. At a preset overhead temperature

the 1016 product is'Collected and. sent to the product storage. The high boiling

residue from the tcwer is .sent to a subsequent chlorination cycle and the re-

sulting raw .Aroclor is'distilled in a still. The overhead from this still is

the finished product. .The bottoms from this tower are the Montars. The spent

ferric chloride catalyst, used in PCB manufacturing, is sent to--incineration

with Montar residues.

For special orders, in order to increase electrical resistivity,

the Aroclors are 'stirred at an elevated"temperature:with a few tenths of 1%

of well-dried fuller's earth and then filtered through paper.

•All Aroclors are stored at 150°F. Steam coils are used on the

storage tanks for heating these tanks..

2.2 Raw Wastes

The raw wastes from the manufacturing area' consist of the liquor

from the scrubber, the oondensate from the steam jet ejectors, water used for

showers and eye baths, miscellaneous- floor wash downs, waste oil collected in

drip pans and drums, and montars which are the bottom cut from their stills.

The composition and the- quantities of the individual waste stream are not moni-

tored. All effluent streams generated in the manufacturing area are directed
into the sumps in this area. The waste oil collected in the drip pans and the

Montars are emptied into 55 gallon drums.and sent to incineration.

The' raw wastes generated in the incinerator consist of the venturi

scrubber liquor and the water phase from the separator sump in the incinerator

area. The composition of the combined stream is monitored. However, the com-

position of the individual streams is not known. Non-product PCB .discharges

are shown in Figure 2.2-1. It has been estimated that this" plant generates
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FIGURE 2.2-1. NON-PRODUCT PCB DISCHARGES AT'MONSANTO'S KRUMMRICH PLANT
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about 25 Ibs of scrap oil and Montar per ton of PCS produced. Additionally,

the quantities of material sent to landfill approximates to 5.4 Ibs .per ton of

PCB produced. Further, Monsanto reports that the plant's PCB contribution to

the air is under 1 Ib/day.

2.3 Plant Water Usage

On the average, the PCB plant uses a maximum of 388,800 gallons

of water and a maximum of 360,000 .Ibs of steam daily. Water is used for non-

contact cooling purposes in shell and -tube condensers, in a water scrubber, for

floor washings, for showers and in eye baths. Steam is used in the steam jet

ejectors and for steam tracing purposes. The plant uses municipal water and

purchased steam.

The process-water from this facility consists of the liquor from

their scrubber 'and the steam condensates which are discharged in one of the

two sumps in the manufacturing area.

Additionally, 273,600 gallons of water are used in the incinerator

daily for quenching the hot gases from the fire box. Tne resulting weak muria-

tic acid in the quench pot is used in the venturi scrubber and. in the packed

tower.

The type and quantities of water used and discharged at this plant

are summarized below:

Water Balance

Manufacturing Plant

Process Water

in water scrubber

misc. floor wash downs

condensate from steam jet ejectors

Quantities, GPD

Used

14,400

7,200

Discharged

14,400

7,200

14,400

-59-



Water Balance (Con't)

. Manufacturing Plant

Quantities,.GPP

Non contact cooling water

showers, eye bath

condensate.fran steam tracers

Incinerator

water used for hot gas quenching

water phase from the sump

Used

360,000

7,200

Total 388,800

273,600

Total 273,600

Discharged

360,000

7,200

28-, 800

432,000

273,600

'14,400

288,000

2.4 Wastewater Treatment and Housekeeping

Monsanto reports significant environmental controls at their

Krurrmrich, Sauget plant. Since 1969, they have invested more than 22 man-years

of work and millions of dollars in this program. ' The in-house goals have re-

duced the PCB discharges into water to about three pounds per day.

A John Zink designed incinerator was erected at Sauget in 1970 to

safely dispose of PCBs. A schematic .flow diagram of this operation is given

in Figure 2.4-1. Aroclor is steam atomized and fed into the fire box. Natural

gas is used for combustion and the feed is incinerated at temperature above

2200°F at 5 percent excess oxygen with a retention time of 2-3 seconds. The

gases are quenched with water and the exhausts from the quench pot are passed

through a high-energy venturi scrubber, then through a packed column which is

irrigated by the weak muriatic acid originating from the quench pot. Exhausts

are then vented to atmosphere through a demister. These exhausts as well as

the effluent from the incinerator section are monitored.
/

In the incineration area, drainage is directed to trenches and

piping which flow into a 10,000 gallon underground concrete basin. The water
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layer from this basin is pumped continuously, combined with the scrubber liquor,

uetared, rrohitored and discharged into the sanitary sewers of the Sauget com-

plex and from there it is sent to the East St. Louis municipal sewers. The

organic phase from the sump is periodically pumped into waste storage tanks for '

incineration.

The incineration unit has a rated design capacity of 10 million

pounds per year. However., since the start of its operation this unit 'has

achieved a service factor of about 0.60. Monsanto reports that this incinerator

can achieve a maximum of 6 million pounds of capacity annually; the unit is

plagued with various mechanical problems.

Monsanto uses their incinerator to process both their own wastes

and "as a service to other industries.- -The service charge for incineration is

an average of 5f per Ib of material, but the cost appears to be increasing.

The incinerator feed is brought into the plant either by truck in

.55 gallon sealed drums, by tank trucks or by rail. The drums are opened,

picked up by a fork lift and emptied into a concrete pit. The tank truck

carrying the waste liquids enters the incinerator area and the liquid waste is

then pumped from the truck into the pit. The material in this pit is periodi-

cally pumped via a vertical certrifugal pump into one of. the four 20,000 gallon .

incinerator waste feed tanks.

'•- The rail car is brought into a .designated area close to the incinera-

tor site. The material from the rail car is normally pumped into a long term,

-•500,000 gallon storage tank. The material• from this tank is pumped into the
incinerator feed tanks located on the incinerator pad when required.

Drainage is provided along the rail tracks. These drains empty •

into the 10,000 gallon sump located under the incinerator pad. .

In the manufacturing area, Monsahto has taken a number of significant

steps to prevent loss of PCBs to the environment. Drainage -is directed to

trenches and piping, and then to one'of two concrete 3,000-gallon underground

settling basins. This insures PCB containment in case of accidental spill or

-62-



equipment failure. Relief valve lines and atmospheric vents are routed through

catch tanks, or are redirected to settling basins.

When small quantities of PCBs are collected in the settling basins

of the manufacturing area they are later pumped into 55 gallon drums, and

eventually incinerated. The overflow from these sumps is combined with the non-

contact cooling water used at the-plant, monitored and then discharged into the

Sauget complex's sanitary sewer and from there to the East St. Louis municipal

system.•

PCBs are packed and shipped in galvanized-steel 55 gallon drums,

or in railroad tank cars. All tank cars are top loaded. In the drum filling

area spills are cleaned via rags or floor dry and these materials are drummed

and sent to landfill located in the town of Sauget.

In the PCS truck or rail car loading area, drainage is directed

into a small ODncrete pit. The material accumulated in this pit is periodically

pumped into the basins located in the manufacturing area.

Nitrogen blanketing is provided on storage tanks to eliminate any

"breathing" of the tanks and resultant PCS escape. . .,.-...

Mist eliminators have been installed in vapor lines to eliminate

the possibility of PCBs leaving the manufacturing area through these lines.

Finally, underground sewers have bssn replaced with above-ground

sewers, and repaired or combined with others, so that the effluent from the

department can be monitored. In addition, this step will prevent any unknown
buildup of PCBs in the sewer systems or any contamination of PCBs into other

sewers.

A high housekeeping level is maintained in the plant, itself.

Housekeeping responsibilities which the operators have assumed are as follows:
i

. AjQ pumps are checked for leakage on every shift.

Drip pans that collect leaks are emptied into

scrap PCS drums.
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. All leaks are reported and documented so that

corrections can be made and settling basins

observed.

. "Floor Dry" is used to absorb any PCBs that

have spilled or leaked. If it becomes necessary

to flush PCBs to-the settling basin, a minimum

amount of water is used.

Sampling drums and scrap PCS drums are quickly

palletized, labelled and transferred to the in-

cineration area.

2.4.1 Treatment Facility for the Effluent from Sauget Complex

The- processing and incineration departments' aqueous effluent

'enters the plant sewer system, and this system discharges into the Sauget Village

•waste sewer system. The combined streams then flow to the village primary treat-

ment plant. , The village treatment plant is under expansion to a secondary

chemical treatment plant, scheduled for 1976 completion.

-Additionally,' evaluations are being conducted to include the .

..village plant discharge in a projected regional biological treatment plant. .

2.5 Plant Effluents

; This plant has no.point source, discharge fran their operation.

There is a single discharge' from the manufacturing operation (.the combined
stream of process 'and non-contact cooling water) to the main sewer systsn of the

Sauget complex and there is a second discharge from the incinerator area to the

same sewer system. The composition of these streams as reported by Monsanto are

as follows: • " . •
Effluent from the
Manufacturing
Operation •

flow rate, gpd 432,000

PCBs, ppm 0.75

PCBs, Ibs/day ' 2.70
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SECTION VII

PRODUCTION AND DISTRIBUTION

1.0 PKDDUCTICN AND CURRENT USE ' •

1.1 Domestic Production of PCBs and PCTs

Currently there is only one known commercial scale PCB production

installation in the U.S. ; the William G. Krurrmrich plant of the Monsanto Chemical

Company in Sauget, Illinois. This facility is specifically designed for

chlorobiphenyls production and has a design capacity of 48 million pounds per

year. • ' .,, . .•'•'.

Until 1971 PCBs were also manufactured at Monsanto's Anniston, -
'•'•»

Alabama plant which had a design capacity approximately equal to the Sauget '_'.

plant. The Alabama operation was discontinued .ana the plant dismantled, in

1971. •';;

PCBs manufactured by J-tansanto are marketed under trade name "Aroclor". ••

Tables 1.1-1 and 1.1-2 present data from tons'anto related to production-and \

sales of PCBs from 1957-1974 and production of polychlorinated terphenyls (PCTs) .

fr.on 1959-1972. The production of PCTs were terminated in 1972. Until then

in addition to PCBs (Aroclor series 12) Monsanto manufactured Aroclors 2565,

4465, 5442 and 5460. Arcclors 2565 and 4465 were blends of PCBs and PCTs and '

Aroclors 5442 and '5460 were- two different grades-of PCTs. Also given in these

Tables are breakdowns of domestic sales per use category and by PCB grade.

Detailed information and breakdown on PCB/PCT blends and PCT grades is not

available. However, Monsanto reports that the predominant material produced

was Aroclor 5460. Vfaen produced and marketed these materials were used -in

plasticizer applications. Fig-ores 1.1-1 through 1.1-3 are graphical represen-

tations of-these data.

As can be seen from Fig-ore 1.1-1, the majority of the PCBs produced

in.the United States was marketed domestically. • Production and sales of PCSs

in 1974 were less than half of those for 1970 , where production and sales of

PCBs were'at theix ma>djnum. The difference between production and sales on
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this graph reflects inventory changes of PCBs.' rigure 1.1-1 also indicates

that the production: of PCTs increased steadily through 1971 when their pro-

duction was at the maximum. The production of PCTs was terminated in 1972.

Table .1.1-3 shows production, sales and export of PCBs for the first

quarter of 1975. Monsanto reports that sales for Aroclor are expected to

increase at an average annual rate of 6-7 percent over the next rev: years.

Additionally, exports of Aroclor are extracted to maintain the same ratio to

the U.S. production as in the. past.

Figure 1.1-2 indicates that prior to :-tonsanto's voluntary restriction

of sales to all applications with the exception of "closed electric systems",

approximately 13 percent of the PCBs in the U.S. was used in "nominally closed"

applications (heat transfer, hydraulic fluids and lubricants) and 26 percent

was used in "Open End" applications (plasticizers, surface coating, ink,

adhesives, pesticide extenders, and micrcencapsulation of dyes for carbonless

duplicating paper) where entries of PCBs to the environment are more probable

and PCS emissions'are uncontrollable. At present, almost all domestic produc-

tion is being used in "closed electric systems"' (transformer-ard capacitor

applications) where PCB emissions are more controllable.

Between 1957 and 1971 there were twelve different types of Aroclor

manufactured by Monsanto with chlorine contents ranging from 21 to 68 percent. •

Aroclor 1242 and grades lower than 42 percent chlorine made about 48 percent of

the total production consumed. U.S. Sale of .Aroclor 1242 has dropped drastically

since 1971 and has been replaced by Aroclor 1016. Sales of Aroclor 1254 re- .
mained about' the sama for the period 1957 - 1974. . Currently, tnere are four

different types of Aroclor manufactured by the Monsanto Cbmpany-Aroclors 1221

arxl 1016 for capacitor applications and' Aroclprs 1242 and 1254 for transformer

applications.

Past and current end-use of PCEs by types are•presented in Table

1.1-4. In the years prior to 1971 the largest "open-end" use of PCBs and-PCTs

has been in• plasticizer applications. According to Monsanto, a large percent-

age of the production of Aroclor 1242 and lower chlorine content grades and •

the entire PCT production were used for this application. Following Monsanto's

-204-

.if



K=a
§5?

. .

I

PS

Ti"-f- '.~

<K4

TABLE 1.1-3

. PCB mNUIKCTOES AIsT) SALES

MDNSSNTO INDUSTRIAL CHEMIGiLS

First Quarter - 1975

U.S.

DOMESTIC SALES

U.S. EXPORT SALES

DOMESTIC SALES

Transformer and Capacitor

DOMEST-IC SALES BY PCS GRACE

Aroclor

Aroclor 1242

Aroclor 1254

Aroclor 1016

UTILIZAI'IQN OF AHJCLGRS

Aroclor 1221

Aroclor 1016

Aroclor 1242

Aroclor 1254

(Thousands of Pounds)

8532

7986

1538

7936

10

2201

2115

3660

Capacitors

. Transfenters
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voluntary restrictions in 1972,• Aroclor sales for plasticizer applications
dropped, to small percentage to that of the previous years. Historically,

capacitors have always been the single largest PCS use category except for the

years 1969-1971 when Aroclor usage for plasticizer applications was higher.

The major uses of 'PCBs prior to 1969 in order of volume of material used is

listed below:

Capacitors •

. Plasticizers

Transformers

Hydraulic fluids and lubricants

Heat transfer fluids

1.2 Foreign Production and Distribution of PC3s

Known current foreign producers of PCBs are the United Kingdom,

Czechoslovakia, France, Germany, Italy, Spain and the U.S.S.R. Detailed infor-

mation on total production of PCBs outside the U.S. is not available.- However,

total foreign production of PCBs was roughly estimated by the Interdepartmental .

Task Force to be 80-85 million pounds annually prior' to 1971. This value

included 26 million pounds produced by Japan. Foreign production of PCBs has,

however, decreased primarily due to Japanese action oh banning•the domestic

production of PCEs. In 1973 foreign production of PCBs was estimated to be 43

million pounds, accounting for a 50% reduction. Production, trade and use of

PCBs by CECD member countries' for the year 1973 is given in Table 1.2-1. The

combined PCB output of three major European producers, France, Italy and United

Kingdorv was about 36 million pounds in 1973. World commerce in PCBs is expected

to decrease further, due to OECD member countries' activities, and to be

essentially confined to capacitor and transformer applications.

1.3 Summary of Recent PCBs ard PCTs Imports
— •* .— . , - . - •_ ** '

A summary of estimated iirports of PCBs "since 1971 is presented in
V

Table 1.3-1. Iiiportation of PCBs appears to be steady or increasing, and

currently is in the range of one percent of the domestic sales reported by

Monsanto.

ti
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Table 1.5-1 ~ Production, Trade and Use of PC3s
OEED r-tenber 'Countries (1973)

[totes:

(1)

(2)
(3)

{4)

(5)

(6)

• *

- (7)

fS)

t9)

(10)

(11)

(12)

. (13)

All quantities are in .TJ.llion

LnformaLicn is not available
PCS ccnLaining 5-! v^rt \ chlorine

PC3 containing <2 vt i chLoririe

PCS containing b4 wt \ chlorine

PCS ccntairsiivj 70 '*T * chlorine

indicates PCS prcducer co-Jntry

"Others" refers 'to PCEs were used to reseller and in research
/

"Others" refecs'to PC3s 'j&sd as a fire-rebsrdint: in pl1^^3

lYiis figure includes about 6 percent from previously iirportcd material

reported as impart and quantities quoted in usage do not

.With reaards to the use of FCBs in rjrarsf oarers and capacitors, dsfiniti\'e figures
are not available

Used in investment casting

This figure -inciuciis 0.13 million pounds of jjrportcd rmterial
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During. 1971 and 1972 most of the PCBs imported into the United

States originated in Japan, ostensibly corresponding to sales of stocks un-

salable in Japan due' to pending or established regulatory action. There

apparently has been little or no U.S. importation of PCBs from Japan since

1972. The major importer was Marubeni America Corp., West Caldwell, N.J.

Since 1972, most of the imported.PCBs originated in Italy, with a

small amount imported -from France (manufactured by Prodelec)- This French
•--.

material is similar to Aroclor 1242 and is used (40,000-60,000 Ib. per year)

as a coolant in.mining machinery by Joy Mfg. Co., Franklin, Pa. Decachloro-

biphenyl (Fenclor DK) is imported from Italy by Yates Mfg. Co., Chicago, 111.,

for use' in the manufacture of investment casting waxes. Estimated -current

usage is about .400,000 Ib/year.

Polychlorotriphenyls. also used in pattern wax formulations, appear

to be imoorted at an increasina rate. Estimated amounts are:

1973 1974 1975 (6 mos.;

.160,000 Ib. 330,000 Ib. 200,000 Ib.

Major importers .of PCIs are Prcgil, Inc. (formerly Prochimie) and

Intsel Co. , both located in the New York City area. . Most .of the imported PCTs

originate in France (Prodelec).

Use of PCBs and PCTs-in casting waxes appears to be generally stable

or increasing slowly, and under conditions of lack of regulatory control in the

future, such use would be expected to continue at least at the current rate.
On the other hand, Joy Mfg. Go. no longer manufactures mining equiprent using

PCBs as coolant; the amounts imported by Joy are used to service existing

equipment. However, since Joy imports only 10 to 20 percent of the total, the

overall imports will not be affected greatly by future decreases in imports by

Joy.

2.0 FIFTEEN YEAR EXTPAPOLftTiONS FOR PC3 PSCDUCTICN MD USE IN ELECTRICAL
EQUIPMENT'

The subject data base was assembled from domestic sales figures for

Aroclors reported by Monsanto — capacitor and transformer sales being summed

•IB

•

-210-


